As a future member of the European Union (EU), Croatia has decided to implement Directive 2002/59/EC of the European Parliament and of the Council binding all of the EU member states to define places of refuge for ships in need of assistance off their coasts, or to develop techniques for providing assistance to such ships. Consequently, the Ministry of the Sea, Tourism, Transport and Development of the Republic of Croatia has initiated a project for developing an effective "Decision Support System (DSS) for defining the places of refuge for ships in distress at sea". Such a system would include a model support based upon the GIS and several operational research models, which would eventually result in establishing a single DSS. All levels of the DSS are based on a basic GIS-module that comprises information sub-systems with spatial and other data and provides the other modules with the data and information. The GIS module contains various thematic layers with the data on locations of refuges, climatological, maritime, hydrographic, ecological and biological characteristics, existing navigable waterways, maritime limits, administrative boundaries, limits of territorial sea, continental shelf, military zones, topographic data, location of the emergency services, etc. The analysis starts from the existing shipping corridors and 380 potential locations for places of refuge designated in the official navigational pilot book. Multicriteria analysis, with the GIS-generated input data, is used to establish "worthiness" of a place of refuge for each ship category, taking into account the nature of the accident. Tables of "available intervention resources" are produced, as well as the analysis of the resources' availability in respect of the response time as well as the quantitative and qualitative sufficiency.
Introduction
A significant increase in both coastal area users and uses leads to intensive competition for coastal area resources. This competition often results in a sectoral approach to environmental hazards management, neglecting the integrated approach to the coastal area management as well as the increase of various kinds of environmental hazards. For these and other reasons, there is a strong need for tools based on integrated coastal area management, which would improve prevention (or reduce) of environmental hazards.
When defining its future development, the Republic of Croatia has decided on a gradual approach to the European Union. In this respect, it has assumed a commitment to harmonise its legal system with the legislation of the European Union. Therefore, it is necessary that, among other things, working procedures of the Ministry of the Sea, Tourism, Transport and Development and its respective services be harmonised with the provisions of certain directives of the European Community relating to the safety of maritime traffic. Therefore, Directive 2002/59/EC of the European Parliament and of the Council of 27 June 2002 establishing a Community vessel traffic monitoring and information system and repealing Council Directive 93/75/EEC, is binding on all member states of the European Community to establish (and communicate to the European Community) the places of refuge for ships in need of assistance off their coasts, or to develop techniques for providing assistance to such ships. Consequently, the Croatian Ministry of the Sea, Tourism, Transport and Development (MMTPR) has initiated the procedure of harmonising its working procedures and the respective executive organisation to meet the requirements provided for in the Directive. In this context, the study has been initiated aiming to:
examine the conditions of maritime traffic in the Adriatic, especially off its eastern coasts; show characteristics and assess the possibilities of action in case of maritime accidents or other emergency or threat to the safety of ships or environment in the area within jurisdiction of the Republic of Croatia; develop working procedures for providing assistance to ships in distress in the area within jurisdiction of the Republic of Croatia; make preliminary selection of the places of refuge, in accordance with the experience and established working procedures in the European Community countries; create a GIS database of the relevant layers for the places of refuge. One-year work on the project resulted in a study treating the issue of places of refuge (PoR) in a scientific and professional manner. The Study involves evaluation of the natural, socio-economic and biological-ecological characteristics, the maritime traffic situation and the analysis of possible threats to the environment. Finally the Study proposes the model for the preliminary selection of places of refuge. Relevant characteristics have been included in the GIS-application called GIS ADRIA. Additional result achieved by this project is drafting the concept of a Decision Support System (DSS) for deciding on the requests for places of refuge, presented through the pilot project for the area of the three coastal counties. The above concept is presented in this paper, and its development (as provided for project approved by the Ministry of the Sea, Tourism, Transport and Development) will significantly improve the decisionmaking processes in emergency situations at sea, as well as the integrated management of the Croatian coastal area.
Two modules of DSS were built in the first stage of the project: GIS-support with problem-oriented extensions, and over 30 thematic layers for subordinating characteristics of places of refuge; MCA (Multicriteria analysis) with direct interface towards GIS application.
Methodological approach
The Decision Support System (DSS) helps to structure and organise such a large quantity of information (especially spatial data) related to the emergency management system in case of maritime accidents, in order to make it available to decision makers in a comprehensible and user-friendly way. A system approach throughout the DSS provides very simple and comprehensible integrated information regarding the technological changes and in accordance with different emergency policies and management methods. DSS is based on a combination of GIS analysis and a multicriteria method in order to enable efficient emergency management, namely it would be used to establish "worthiness" of each potential place of refuge for each ship category, taking into account possible kinds of the accident. GIS is outlined as a powerful tool for the generation of integrated information used in the multicriteria analysis, as is the link between hierarchic decision levels in the proposed DSS. Decision support system (DSS), can simply be explained as a system that consists of users/managers who use the system and its resources in order to solve tasks (problems) in organisational environment [18] . "Philosophy of DSS" is based on the paradigm "Data -Dialog -Models", meaning that the "user" communicates with the computer using his/her natural language (mainly through the GUIorganised menus), and additional interfaces enable the data base and the model Figure 1 : Basic DSS concept.
management, that are able to communicate mutually as well (Figure 1) . From the user's (manager's) point of view, a decision support system must support users at all levels and help the integration between levels whenever possible. Furthermore, the decision makers express the need for integration and coordination of the decision making process that includes several persons who participate in the process of solving a larger problem.
Concept of DSS for places of refuge
The design of DSS defines the relevant criteria as well as their ranges and weights. There are a total of 14 criteria for assessing each potential place of refuge. A mathematical programme for the MCA has been adapted to the criteria values and connected to the ADRIA GIS database in order to use the multicriteria analysis for the selection and ranking of the possible places of refuge within a pre-defined radius around the position of the ship sending request ( Figure 2 ). Figure 3 shows a schematic procedure [16] , starting with the GIS analysis, i.e. the integration and the evaluation of the relevant criteria presented as thematic layers. For those criteria that cannot be spatially presented using the GIS analysis, the input information based on the expert assessment is provided to the multicriteria analysis separately. To facilitate and automate the process of decision making in an emergency, and consequently reduce the possibility of subjective error, the expert team develops "designated scenarios", in which criteria weights are changed to adapt the decision making process to the characteristics of "incident", i.e. ship damage. GIS + additional extension -searching for the places of refuge within the specified radius. Layout of the methodological procedure to define places of refuge for ships. The presented DSS, based on GIS in conjunction with multicriteria analysis, is found to be a powerful tool for spatial decision-making. Figure 5 shows calculated rank of potential places of refuge using the MCA. GIS + additional extension -display of calculated rank of potential places of refuge using MCA.
Conceptualized DSS is divided in a number of segments (modules) that will be additionally built in the following phases. Basic module is GIS for all levels of DSS, that comprise information sub-systems about spatial and other data and serves the other modules with data and information. DSS also supports the dynamic approach. For example, it is possible to enter data on present wind conditions and eliminate places of refuge that aren't adequately wind protected ( Figure 6 ). GIS + additional extension -entering elimination criterion of wind protected condition for a place of refuge.
Conclusion
In resolving complex and sensitive problems such as selection of places of refuge for ships in distress, it is essential to offer solutions based upon the exact scientific and expert investigations, using the appropriate methodological and computer support. The existing international regulatory rules and guidelines for defining places of refuge for ships are a good starting point for considering the appropriate methodological approach and solution concept, as well as for offering solutions to the competent maritime administration. Adoption and implementation of the methodology and decision support system presented in this paper into integral system of the safety of navigation at sea is a prerequisite for making the right decision in case of requests for places of refuge as well as in other emergencies at sea.
The system also depends upon availability of relevant thematic layers (parameters) in the GIS environment, which calls for defining, collecting and editing of data in suitable format and place to be the basis for necessary analyses.
The system can be extended into a more comprehensive DSS, which would use the same methodology and combine the existing data base with additional thematic layers for the integrated process of prevention/reduction and/or management of various kinds of environmental hazards. Having this in mind, it can be said that the system is a useful step towards the integrated coastal area management and sustainable development of the Croatian coastal area.
